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~ UNPUBLISHED PRELIMINARY DATA

As is well known, particle acceleration mechanisns vhich oporate so

“zat rate of encorgy goin is proportionel to energy lead to a cosmic ray

energy syectim that is, for high energies abt least, a pover law. In

PURRUIK S | . =+ 4 LY 3 K
novticular, 23 vas sietn by Fermi, 1€ the encrgy goin is described by

gijdt =CE and T is o characteristic time for catostrophic loss (or leakage),

. =7 ams -1
he resuliling energy opeciium is of the Torm KB 7(1.:. with y =1+ CZT) .
.3 Vg

_/’72 In oy prenoced model for whaich 8; T and the cosmic vy energy density
gets are unrelated payscicolly, the exponeat ¥ can in principle have a wide

range of voluves for dirferent astroncricel systems. {In such models there

. -

is, in Toct, nothirg o prchibit vaiues of 7 &2 Zor vhich the energy

b3

content would be Infinite.) On the other hand, radio noise frem a large

variety of astroncmical systems, interpreted as synchrotron radiation by
eicctrons made in heavy periicle {proton) coiliclon mrocesses, indicates thab
22330 spectral indices =nd therelfore the velated exponent of the proton energy

spectra iave bun el

(9
2
4

Tively nprrow ranges of volves.
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A. The Proton Spectrum

For the reasons stated above, we have been led {0 consider a model where-
in the characteristic leakege time T is determined by the proton component
itseif. Imagine, for example, a region of space in which a magnetic field
of mean energy demsity U, = 2/ 81 and an acceleration mechanism charecter-
ized by & exists. Then vhen particles are injected at low energy, say from
super novae or stellar flares, we assure that the particle energy density, Up,
will build up until the particle pressure begins to distort the confining
regnetic field. This distortion precumably dces not become appreciable until
U)z UB » end we assume has the effect of reducing the leakage time T in

E

such & way that the approximate equality of UP and UB is maintained*.

Under thece conditions, if we ignore ionization energy losses, we have

Tt
f;amﬁ+f33dn =é/ﬁ{ﬂ

Here H ip the density of protons of E in &8 and q is the density of

T t
protons of B  in GE injected per sccond. This reduces to

y=2+q {0t

T A

vhere U = f F2dE 4is the proton cnergy Gensity and Q = / GB A8  is the

¥ (In this comnection it is interesting to note that vhile the moagpevic field
arising from a completely isotropic cosmic ray flux is regligible, that
ariging from even a very small anisobropy ccn be relatively large and in
effective control of the interstellar Pield.)




average energy injected ver unit volume per second. It is clear that 7,
vihen in the observed range from 2 to 3, is only very weakly dependent upon
Q, @ and U . Any model which postulates a feedback mechanism and envokes
energy conservation will predict a similar week dependence of 7 wupon
astrophysical quantities.

B. Electrons

A portion of the galactic electron component must certainly arise vwia
meson decay fram proton-interstellar gas collisions. Another portion may
arige from direct acceleration in super novae. We wish, here, to examine
briefly the question of intersiellar acceleration by mechanisms of the sort
postulated in part A.

As is well known, electrons sre difficult to accelerate because with
their seall mass (recall that E in dBfat = ® B is total energy) energy
losses via collision and bremsstrahlung processes are relatively more
ipportant. EBven if © is large encugh to make the net dE/dt positive in
socme energy region, there rmust certainly be an ernergy Eo at vhich dE/dt
becomes zero because the magnetic bremsstrehiuvng losses increase as E2 .
Certainly no electrons can be accelerated to energles greater than E o’ and
the question arises as to the speciral form of those directly accelerated
eicctrons having E L Eo .

Tear Eo pagretic bromgstrahlung lossces will dominate and we have

i 2
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vnere b depends upon the megnetic field. Since Z =0 vhen BE =28 o = /v,
Zao (Eo-E). If electrons are injected 2t some energy E, , tie equilibrium
number at & higher cnergy B is

N~ % e't/ T
r.-’
vhere t = ,.j ;‘-PZ_ is the timwe for the electron to drift from energy El to
energy E '.T.he spectral Torm is then
N~ (5_-E)2

_ . -1
vhere 7 =1+ (@7). Since 7 must be 2 or greater, W tends to remain
relatively constant out to E o7 av least when corwrared %o a power law
sTeetrim. It is clear that the radio omission whiich would result from a

mixzture of these electirons with those from meson decay will have a spectral

izdexz staller then thet fronm the meson decay electrons alone.

Thls vork was done in pert vhile the author had a Cuggenheim grant end vas
2 guest at the California Institute of Teclinology.



